The mechanisms of the aminolysis of aryl esters 1 and carbonates, 2 and their thiol, thiono and dithio derivatives 3 have been extensively studied. Curved Brönsted plots in the aminolysis reactions have been interpreted in terms of a zwitterionic tetrahedral intermediate, T
±
, in the reaction path and a change in the rate-limiting step from leaving group expulsion to attack by the nucleophile as the nucleophile becomes more basic. 4 In some of the cases, however, the aminolysis has been found to proceed concertedly in a single step through a tetrahedral intermediate transition state (TS). 4, 5 The mechanistic change from a stepwise through an intermediate, T
, to a concerted via a single TS has been reported to be caused by destabilization of the tetrahedral intermediate, T ± , due to several factors, e.g., an enhanced leaving ability of the leaving group (LG), 5d,e strong electronic push provided by the substrate (nonleaving group) 5a,b and destabilization rendered by the amines and by substitution of S -by O -5b in the tetrahedral intermediate, T
. In this work, we investigate the kinetics and mechanism of the aminolysis of Z-thiophenyl cyclopentanecarboxylates with X-benzylamines in acetonitrile at 40. The reactions have been conducted under pseudo-firstorder condition with a large excess of benzylamine. The purpose of this work is to elucidate the mechanism by determining various selectivity parameters, ρ X , β X , ρ Z and β Z , including the cross-interaction constant, 6 ρXZ in eq 2 where X and Z are substituents in the nucleophile and leaving group, respectively. The purpose of the present work is to further expore the effect of the ring acyl group on the aminolysis mechanism by investigating the structure-reactivity behavior of thiophenyl cyclopentanecar-boxylates in acetonitrile.
Results and Discussion
The aminolysis of thiophenyl cyclopentanecarboxylates with a large excess of benzylamines in acetonitrile obeyed the simple kinetic law given by eqs. (3) and (4), where P is thiophenolate anion and N is benzlamine. Plots of k obs against [N] were linear, and the k N values were determined in Table 1 , where the ρX, βX (βnuc), ρZ, and βZ (βlg) values are also shown.
The clear second-order kinetics obtained, eqs. (3) and (4), is an indication that there are no complications arising from competition of the fast proton transfer from an intermediate T ± , nor from general base catalysis by the amines. The mechanism of the reaction can, therefore, be described completely by eq. (5), where Ar = C 6 H 4 Z, XNH represents benzylamines with substituent X. The proton transfer can occur during or after the rate-limiting step, kb. The proton is of course rapidly consumed as XNH 2 + under the excess amine concentration, as shown in eq. (1).
The faster rates of thiophenolates indicate the importance of bond cleavage in the TS, since the thiophenolates used in the present work are weakly basic relative to the phenolates used in the studies and hence are much better leaving groups.
Since the reactions were conducted in acetonitrile, the magnitude of βX (βnuc) and βZ (βlg) determined using the pKa values in water may not be reliable. However, as we have pointed out previously, 7, 8 the β X values can be considered to represent reliable values, although the absolute values of pKa in MeCN differ from those in water, a constant ∆pK a (pK CH 3 CN -pK H 2 O ) ≅ 7.7 ± 0.3) was experimentally found. 9 Our recent theoretical work of the solvent effect on the basicities of pyridines 10 , which corresponds to ∆pK a = 7.7, at the MP2/6-31G*//MP2/6-31G* level 11 of theory. Moreover, we are comparing the magnitude of β X and β Z determinied for the reactions carried out under the same reaction condition (i.e., in acetonitrile). Since we used pKa values of thiophenolates in water, the camparison of β Z values may not be entirely reliable.
We note that the magnitude of βX in Table 1 (β = 1.52 ~ 2.25) is considerably larger than those for the corresponding reactions with anilines and other secondary and tertiary amines (βX = 0.6 ~ 1.0) 12 proceeding by rate-limiting breakdown (k b ) of a zwitter-ionic tetrahedral intermediate, T Table 1 (βX = 1.52-2.25) is again much larger than those for the corresponding reactions with anilines and other secondary and tertiary amines (β X = 0.6-1.0) 12 but similar to those with benzylamines (βX = 1.4-2.5). All of these latter values are for the thiol ester aminolysis with benzylamines in acetonitrile which are predicted to proceeded by rate-limiting breakdown of a zwitterionic tetrahedral intermediate, T ± . On this account, i.e. large β X values obtained, the aminolysis of thiophenyl cyclopentane-carboxylate with benzylamines in acetonitrile is most likely to occur by the rate-limiting expulsion of thiophenolate ion, ArS -, from T ± , eq. (5), where the proton is consumed by the excess benzylamine present in the solution in a subsequent rapid step to form benzylammonium ion. The rate constant, k 2 in eq. 3, is therefore a complex quantity represented by eq. 6. The magnitude of β Z (β lg ) values (β Z = -1.24 ~ -1.66) is also comparable to or greater than that for the similar reaction with rate-limiting expulsion of ArS -in acetonitrile (βZ = -1.2 ~ -1.5). 13 The proposed mechanism is also supported by a large positive cross-interaction constant (ρXZ = 1.72) and adherence to the reactivity-selectivity principle (RSP), which are considered to constitute necessary conditions for the rate-limiting breakdown of T ± . 14 The kinetic isotope effects (k H /k D ) in Table 2 involving deuterated benzylamine (XC 6 H 4 CH 2 ND 2 ) nucleophiles in acetonitrile are greater than unity (kH/kD = 1.4 ∼ 1.6), indicating that the N-H proton transfer takes place in the rate determining step 15 so that a four-center type TS is involved. 15 In this type of TS, hydrogen bonding of an amine hydrogen atom to the de- 14 The expulsion of RS -anion in the rate determining step (an endoergic process) is assisted by the hydrogen-bonding with an amino hydrogen of the benzylammonium ion within the intermediate, T
± . This will lower the ΔH ≠ value, but the TS becomes structured and rigid (low entropy process) which should lead to a large negative ΔS ≠ value.
In summary the aminolysis of thiophenyl cyclopentanecarboxylates with benzylamines in acetonitrile proceeds by rate-limiting breakdown of a tetrahedral intermediate, T ± . The unusually large β X (β nuc ) values can be accounted for by a strong localized cationic charge on the nitrogen atom of benzylamines in T ± , which is lost in the benzylamine expulsion from T ± (k -a ). The breakdown rate ratio of k -a /k b is large due to large k -a and relatively small k b . The proposed mechanism is also supported by a large positive cross-interaction constant, ρXZ (=1.72), adherence to the RSP, and low activation parameters. The greater than unity k H /k D values involving deuterated benzylamines suggests a four-center type hydrogen-bonded TS.
Experimental Section
Materials. Aacetonitrile (Merk G R) was used after threetime distillations. The benzylamine nucleophiles (Aldrich GR) were used without further purification.
Substrates. Preparations and analytical data are reported elsewhere.
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Kinetic Measurement. Rates were measured conductometrically at 40.0 ± 0.05 o C. The conductivity bridge used in this work was a self-made computer automatic A/D converter conductivity bridge. Pseudo-first-order rate constants, k obs , were determined by the Guggenheim method 17 with large excess of benzylamine. Second-order rate constants, k2, were obtained from the slope of a plot of k obs vs.
[benzylamine] with more than five concentrations of benzylamine eq. 4. The k 2 values in Table 1 are averges of more than three runs and were reproducible to within ± 3%.
Product Analysis. Substrate (0.05 mole) and benzylamine (0.5 mole) were added to acetonitrile and reacted 40.0 o C under the same condition as the kinetic measurements. After more than 15 half lives, solvent was removed under reduced pressure and product was separated by column chromatography (silica gel, 10% ethylacetate-n-hexane). Analysis of the product gave the following results. 
